We determined the population-based prevalence of diabetes mellitus in members of the Japanese community, Hisayama aged 40-79 years old by a 75-g oral glucose tolerance test. The basic population used to calculate diabetic prevalence was 1,077 men (72.8 % of the whole population in the same age range) and 1,413 women (80.8 %) including ten diabetic patients on insulin therapy. In addition, we compared the prevalence of history of diabetes which was acquired by interview or questionnaire, between participants and non-participants in the 75-g oral glucose tolerance test, but they were not statistically different. The age-adjusted prevalence of diabetes to world population was 12.7 % for men and 8.4% for women, and that of impaired glucose tolerance was 19.6 % for men and 18.4 % for women. These figures were much higher than those previously reported from several Japanese communities. The results obtained from the present study could reveal true prevalence of diabetes among the Japanese population. In addition, the reasons for the increasing prevalence of diabetes among the recent Japanese population are also discussed.
Several studies have reported the prevalence of diabetes mellitus among the Japanese general population, which had been determined by oral glucose tolerance testing (OGTI') [1] [2] [3] [4] [5] [6] . Although the criteria used to screen for diabetes was either the same or very similar to that of the World Health Organization (WHO) (1985) [7] , the reported prevalence rates were less frequent compared to those from Japanese immigrants in the United States [6, 8, 9] or east Asian-Pacific populations [10, [11] [12] [13] . This may partly be due to the low rates of participation from the whole population (less than 15%) or to the different screening methods utilized in the Japanese studies. In one study [4] , for example, the 75-g OGTI" was performed only on subjects who had glycosuria.
We attempted to estimate the true prevalence of diabetes among the Japanese general population using a 75-g OGTT for testing the majority of residents in the town of Hisayama, Kyushu, Japan. Furthermore, we compared the frequency of a diabetic history between the participants and non-participants to confirm that there was no skewed bias among the participating subjects.
Subjects and methods
The town of Hisayama and its" inhabitants: Hisayama is a subrural town located approximately 33 ~ north and adjacent to the city of Fukuoka. It has a population of 1.16 million and is a large urban centre on Kyushu Island in the southern part of Japan. The population of the town is approximately 7,000 and this number of inhabitants has been stable for 30 years.
According to the 1985 census, the age distribution of the Hisayama population was almost identical to that of the whole of Japan, but the frequency of persons aged 65 years or over in Hisayama was slightly higher (12.2% vs 10.3%, respectively) [14, 15] .
The occupations of the subjects were categorized into three types according to the census for labour and products in Japan. Of the employed population aged 40-79 years in the town, 14.6% were engaged in primary industry (agriculture, fishery, forestry), 29.8 % in secondary industry (mining, construction, manufacture), and 55.6 % in tertiary industry (commerce, restaurant, transport, communication, finance, insurance, supplier with electricity, gas or water, real estate business, service industry, unclassified official business) [16] . The frequency-distribution was very similar to that of all Japanese employees in the same age-range; i4.5 %, 33.4 % and 52.2 %, respectively [17] .
A nutritional survey of Hisayama residents was conducted in 1985 [18] . The carbohydrate and fat energy ratio to the total energy intake were 0.56, 0.25, respectively. These were similar to the data from a 1989 National Nutritional Survey which was based on a random sample of approximately 20,000 subjects selected from 300 areas throughout Japan (0.59, 0.26, respectively) [19] . The Hisayama stud)': A prospective population survey has been conducted in the town of Hisayama since 1961 and is still ongoing. The initial aim of the study was to elucidate the true incidence of cerebral stroke and its risk factors among the general population of Japan [20] , since cerebrovascular disease was the leading cause of death for the Japanese at that time. The design of the study is fundamentally that of a cohort study, and a prospective follow-up was focussed on subj ects aged 40 or over, beyond which the frequency of cardiovascular diseases is expected either stepwise or abruptly to increase. A maximum effort was made in order to include more than 80 % or 90 % of the residents aged 40 or over in the cohort population. We have now estabIished two study cohorts aged 40 or over in I961 and 1974 [21] , respectively, and each has been followed-up since then in the same manner. Any newly occurring cardiovascular diseases including cerebral stroke among the cohort population, were scrutinized based on clinical information including a neurovascular examination by the study team, as well as cranial computed tomography or other diagnostic methods. When a subject died, the cause(s) of death was verified by autopsy at the Department of Pathology, Kyushu University and detailed pathologic findings have been accumulated. The total autopsy rate throughout the follow-up reached 82.4%. Physical or biomedical characteristics for the residents including blood pressure, anthropometric measures, urinalysis, electrocardiogram, serum cholesterol etc. were determined by the cross-sectional examinations carried out "either every 2 or 5 years, and their relationship to the occurrence of cardiovascular diseases was studied. Several reports have already described the incidence of cerebral stroke and coronary heart disease and their characteristics, risk factors for cardiovascular disease and its changing pattern during the long-term follow-up [21] [22] [23] [24] . Prevalence studies on diabetes mellitus have already been conducted in 196l and in 1973-1974 [25] , however, the design and methods of these studies were not completely satisfactory. We have also observed that impaired glucose tolerance is an independent and strong risk factor for cerebral infarction [26] . Thus, a new and more extensive study on the prevalence of diabetes among the Hisayama population was justified.
The present study: We studied the prevalence of diabetes at a regular, cross-sectional examination during the period between 29 June 1988 and 14 November 1988. Using the town registry, 82 individuals were excluded, who had been under long-term medical care for various chronic diseases. Thus, a total of 3,227 residents aged 40-79 years old of both sexes comprised the baseline study population (Fig. 1 ). Of these, 2,587 subjects (80.2%) consented to participate in the study.
The screening examination included an interview at which inquiries were made about diabetes, hypertension, stroke, ischaemic heart disease and other chronic diseases previously diagnosed by physicians and also about any drugs including insulin and oral hypoglycaemic agents that had been previously prescribed. Questions on personal drinking and smoking habits were also asked. At the interviews, participants who were fasting could undergo the OGTT, but 82 subjects were excluded, since they had already eaten breakfast. Four men and six women were on insulin therapy for Type 2 (non-insulin dependent) diabetes, which had been diagnosed by their attendant physicians. We could not complete the OGTT in 15 subjects due to complaints of nausea or general fatigue during the ingestion of glucose. Subjects receiving oral hypoglycaemic agents omitted their medication until after the OGTT. Altogether, the OGTT was completed by 1,073 men and 1,407 women.
The study subjects ingested glucose and other carbohydrate solutions equivalent to 75 g of anhydrate glucose (Trelan G, Shimizu Pharmaceutical, Shimizu, Japan) between 08.00 and 10.30 hours after at least a 12-h overnight fast. For determination of plasma glucose and total cholesterol, blood was drawn twice from an antecubital vein before and 120 rain after ingestion of the glucose using vacutainer tubes with heparin, EDTA, and fluoridated natrium and tubes to which no drug was added. Blood specimens were then transferred immediately after venepuncture to the central study laboratory (JML Inc., Fukuoka, Japan) in ice-cooled containers, where the tubes were centrifuged, and serum or plasma was separated. Plasma glucose was determined by the glucose-oxidase method using a Glucoroder-MK2 (A & T Inc., Tokyo, Japan).
Total cholesterol levels were determined enzymatically in a fasting blood sample using an autoanalyser (TBA-80S; Toshiba Inc., Tokyo, Japan).
Blood pressures were obtained three times using a mercury sphygmomanometer (standard size cuff) in a sitting position. The average of the values was recorded.
Subscapular and triceps skinfotd thickness, height, and body weight were measured in the standing position. Using a Keys-Brosek skinfold caliper (Imoto Ikakikai Inc., Fukuoka, Japan), subscapular skinfold thickness was measured just below the inferior angIe of the right scapula. Triceps skinfold thickness was determined in the midline of the posterior aspect of the right arm, over the triceps muscle, at a point midway between the acromial process of the scapula and inferior margin of the olecranon process of the utna. Body mass index (BMI) was defined as weight (kg) divided by the square of the height (m).
According to the criteria recommended by the WHO (1985) [7] , the examined subjects were divided into three groups: diabetes mellitus, impaired glucose tolerance, and normal glucose tolerance. The inclusion into diabetes mellitus required fasting plasma glucose being equal to or greater than 7.8 mmol/1 or 2-h plasma glucose value equal to or greater than 11.1 mmol/1. Subjects with fasting plasma glucose less than 7.8mmol/1 and 2-h value between 7.8 and t 1.1 retool/1 were categorized as having impaired glucose ~olerance.
For the prevaIence study, we included ten subjects who were receiving insulin in the analysis, resulting in a total of 1,077 men (72.8% of male population aged 40 or over) and 1,413 women (80.8 % ) as the study subjects (Table I) . Since the participation rates in younger age groups were relatively low (< 80%) compared with those in the older age groups, the medical histories (especially previous diagnoses of diabetes) of the non-attenders were obtained by either mail or telephone to certify that the study subjects did not deviate from the whole population. Of the 640 non-attenders, 569 subjects (88.9 %) provided information regarding their history of previously diagnosed diabetes by physicians and reasons for non-attendance (Fig. 1) . Therefore, we could collect information on whether he or she had previous diagnosis of diabetes out of a grand total of 1,441 men (97.4% of ~he male residents) and 1,715 women (98.1%) including both the attenders and non-attenders ( Table 1) .
The main reason that non-attenders would not participate in the OGTF examination was most often prior health screening by their family doctor or at places of employment. In addition, some subjects refused to undergo the examination because of a lack of free time due to their work schedule.
Statistical analysis
The SAS computer package (SAS Institute, Cary, NC, USA) was used to perform the two-tailed Student's t-test and chi-square test [271 for statistic calculations. A box-and-whisker plot was also generated using the SPLOT procedure in this computer package [28] . 
Results
We compared the frequency of the subjects who had a previous history of diabetes between the non-participants and participants in the OGTT (Table 2 ). There was a higher frequency of diabetes history for the non-participants in the distribution of men aged 60-79 and women aged 70-79 than for the participants, but the difference was not significant in any age or sex group (p > 0.05).
To confirm that the subjects participating in the OGTT were similar to the general population, we compared the characteristics of the participants with those of the subjects from the National Nutritional Survey 1989, who had been randomly selected throughout Japan [19] ( Table 3 ). The skinfold thickness and the frequency of hypertension for our study subjects were lower than those in the National Survey, while the frequency of alcohol consumption was higher. However, the differences were not large. The BMI of our study subjects was 22.9 kg/m 2 for men and 23.0 kg/m 2 for women. These were similar to the data estimated from the mean values of height and weight of subjects aged 20 or over in the National Nutritional Survey; 22.8 kg/m 2, 22.5 kg/m 2, respectively.
Figure2 presents the frequency distribution of 2-h post-load glucose values. The distribution was unimodal and skewed toward the upper glucose levels. The distribution in male subjects revealed a small peak around 20 mmol/1 of 2-h plasma glucose,but this did not necessarily represent a bimodal pattern. Figure 3 is a box-and-whisker plot of 2-h-plasma glucose by sex and age-decades, presenting the values of the mean, median, 25th and 75th percentile and extremely deviated values. The same skewed distribution in every age-decade for both sexes was observed. Table 4 shows the prevalence of diabetes and impaired glucose tolerance by sex and age groups. Among persons under 60 years of age, the prevalence of diabetes for men was higher than that for women (p < 0.05); in particular, the prevalence for men aged 50-59 was 19.5 %, which was the highest among all age and sex groups. There was no statistical difference after the age of 60 between men and women (p > 0.05). After the age groups were adjusted to world standard population [29] , the overall prevalence of diabetes was 12.7 % for men, and 8.4 % for women. The prevalence of impaired glucose tolerance for male subjects aged 60-69 was 27.5 %, which was the highest among all male groups, while that for women increased with advanced age-decades. There was no significant difference in the prevalence of impaired glucose tolerance between men and women in any age group (p > 0.05). The overall age-adjusted prevalence was t9.6% for men and 18.4% for women. Table 5 summarizes the prevalence rates of diabetes previously reported from Japanese communities and Japanese immigrants to United States. The age-adjusted prevalence of diabetes among residents of Hisayama in the present study was 12.7% for men and 8.4% for women, which was much higher than those reported from other community studies in Japan [1] [2] [3] [4] [5] [6] except for women in the study conducted in Hiroshima [6] . 
Discussion

Reported year
To ascertain that the difference was not derived from a bias of participation, we compared the frequencies of selfdeclared diabetes between the participants in OGTT and non-participants. In the present study, the prevalence of self-reported diabetes in participants in OGTT was not significantly different from that in non-participants in all age groups. One flaw in our study may be that while elderly subjects with a history of diabetes participated less in the OGTT examination, there was a higher frequency of self-reported diabetes for elderly non-participants in the OGTT. However, the number of non-participants was not large even for the elderly population, and therefore, the data on the total diabetic prevalence obtained here could not have been affected by this bias. Since an awareness of diabetes itself makes individuals hesitant to participate in a mass-screening for diabetes, previous studies conducted in Japanese communities may have underestimated the real diabetic-prevalence if the number of non-attenders was large. Therefore, the prevalence obtained here is representative of a near true frequency of diabetes or impaired glucose tolerance among the Japanese general population.
Whether self-reported data are useful for determination of the diabetic prevalence in the community remains controversial. The self-reported data concerning diabetes in the general population of the United States have been suggested only to reflect approximately 50% of the real prevalence [30] . In the present study, the crude prevalence of diabetes determined by OGTT was 13.3 % for men and 9.1% for women, while that of self-reported diabetes in participants in OGTT was 10.7 % for men and 6.1% for women. The difference between the OGTT and the selfreported data in the OGTT examined group was small. However, among the subjects with self-reported diabetes in the OGTT examined group, the frequency of the diabetic subjects certified by OGTT was only 62.6 % for men and 76.7% for women. Thus, the rate of the previously known diabetes among diabetic subjects diagnosed by the OGTT were 50.4 % for men and 51.2 % for women (data not shown).
Another point to be discussed is whether the increase in diabetic patients among the Japanese population is due to a more westernized lifestyle which includes being more sedentary and having a higher fat intake. An extremely high prevalence of diabetes was reported among the Japanese population who had immigrated to Los Angeles, Honolulu [6] and King County (USA) [8, 9] . Thus, immigration to the United States could be a risk factor for developing diabetes.
Data from the National Nutritional Survey in Japan indicate that the energy intake from fat has been increasing and that from carbohydrate has been decreasing since 1975 [19] . In the Hisayama study, the frequency of hypercholesterolaemia (> 6.20 mmol/1) was very low in 1961, being 1.8 % for men and 3.3 % for women, however, it increased gradually and reached a level of 15.4 % for men, and 24.9 % for women in 1988. A similar pattern was observed in the prevalence of obesity [24] . Thus, diabetes prevalence would be expected to increase among the Japanese population under these conditions. Sex difference of the prevalence of diabetes was observed in subjects aged 40-59 years. The Paris Prospective Study [31] suggested that diabetes diagnosed by the OGTT in the working male population may partially be a consequence of excessive alcohol consumption. The frequency of the men who drank regularly was much higher than that of women among the Hisayama residents. In particular, nearly 70 % of the subjects consumed alcohol daily among the male residents aged 40-59. This might partially account for the sex difference in the prevalence of diabetes in the young age group. However, further study is needed to elucidate other risk factors associated with diabetes in the Japanese population, such as obesity, lipid metabolism, and insulin resistance.
Distributions in frequency of the 2-h glucose values revealed a bimodal pattern in the Pima Indians and Nauruans indicating a tremendously high prevalence of diabetes [32, 33] . The distribution pattern for those in the Hisayama population was continuous and unimodal in both sexes. There was no clear point of discrimination between the normal subjects and diabetic patients. Managing patients with impaired glucose tolerance among the Japanese population is important and should be introduced by a prospective follow-up study.
